Background: Changes in lifestyle include a healthy diet. However, due to different educational approaches, the effects of nutritional counselling are still not very encouraging and require further study. The objective of this study was to analyse the effectiveness of a nutrition education intervention program on mortality and recurrence of cardiovascular events evaluated after one and four years of follow-up. Methods: A randomized clinical trial was performed at a public hospital in Brazil with 200 patients who had recently undergone elective percutaneous coronary intervention (PCI). In addition to the traditional care, the patients allocated to the intervention group attended nutrition education workshops that adopted a constructivist approach towards behavioural change for six months. Primary outcome was death, and secondary outcomes were acute myocardial infarction (AMI), revascularization with re-PCI, or coronary artery bypass graft (CABG) surgery. The magnitude of the first year effect was calculated by the absolute risk reduction, and the risk ratio was calculated as a measure of the cumulative incidence of events after four years. The critical p-value was assumed as 5%.
Background
Changes in lifestyle, such as smoking cessation; regular physical activity; a diet rich in fruits, vegetables, whole grains, and fish; and a healthy weight can reduce the incidence of coronary heart disease by over 80% [1] .
The Lifestyle Heart Trial was the first randomized, controlled study assessing the regression of coronary lesions resulting from changes in lifestyle [2] , and other studies have since been reporting positive effects in reducing the risk of ischemic disease [3, 4] , and the recurrence of cardiovascular events [5] . However, due to different educational approaches-when the theoretical background is a concern for researchers-and the lack of standardization among protocols, the effects of nutritional counselling are still not very encouraging [6] and require further study.
The use of health education to help people adopt healthier lifestyles has been supported by some researchers [7, 8] . Compliance with lifestyle changes remains a challenge, because it depends not only on understanding the health information but also on the motivation to engage on such habits. Thus, cognitivebehavioural strategies are currently emerging as a key component in behavioural change interventions and are focused on changing how individuals think about themselves, their attitudes, and how they can change their lifestyle, using resources, such as concrete goals, feedback and positive reinforcement, and relapse prevention [9] .
The objective of this randomized trial was to analyse the effectiveness of a nutrition education intervention on mortality and the recurrence of cardiovascular events in patients who had previously undergone percutaneous coronary intervention (PCI).
Methods

Study design
We conducted a randomized clinical trial among outpatients who had recently undergone PCI and were receiving standard clinical, surgical, and nutritional care after discharge; in addition to the traditional care, the patients allocated to the intervention group attended nutrition education workshops.
The sample size was calculated based on the results from Lisspers et al. [5] , who assessed the recurrence of cardiovascular mortality, acute myocardial infarction (AMI), coronary artery bypass graft (CABG), or re-PCI in chronic coronary patients after a PCI. The prevalence of at least one of these events was 30 and 54% in the presence and absence of a behavioural change intervention program, respectively. An α error = 5%, β error = 20%, and a 1:1 ratio between the control and intervention groups were used. The estimated sample was 148 individuals to which was added a loss margin of up to 35%, yielding a final sample of 200 patients.
The recruitment occurred from April 2008 to January 2009, the period necessary for the inclusion of the calculated sample. All 343 patients assisted by the Brazilian Unified Health System, consecutively admitted to the hospital's hemodynamic unit to undergo elective PCI, were considered eligible (no neurological or cognitive impairment). However, 143 were excluded for failing to meet the single inclusion criterion, which was availability to participate in the nutrition education workshops. All patients received specific food and nutritional instruction [10] at discharge from a nutritionist after undergoing angioplasty.
A trained nutritionist collected data from the patients who agreed to participate in the study, and each patient's clinical history was obtained from medical records. After data collection was completed, the patients were confidentially and randomly (random numbers table) allocated to the intervention and control groups by the researcher. The randomization sequence was generated at the website OpenEpi.com [11] by a person not involved in the research. The table was stored in an opaque envelope, inaccessible to the interviewer. Although the allocation was confidential, blinding was not possible given the nature of the educational intervention.
All patients were instructed about the study and signed an informed consent form. The study was approved by local and Brazilian Ethics Committees.
Nutrition intervention
The intervention consisted of four nutrition education workshops during a six-month period, conducted at the institution itself, lasting approximately one hour. Each meeting included 10 patients, who could be accompanied by a relative and was offered at different time periods (morning or afternoon) and on different days of the week to better meet the needs of each participant. The first three workshops were biweekly, and the fourth and the last one was conducted six months after the first.
We developed each nutrition education workshop using a constructivist educational approach [12] directed towards the adoption of a healthy diet (energy balance for a healthy weight; reduction of energy intake from fat; replacing saturated and trans fats with unsaturated fat; increased consumption of fruits, vegetables, whole grains, and legumes; reduction of sugar and sodium intake) [13, 14] , and the prevention and control of cardiovascular risk factors [9] . The workshops followed the structure proposed by Paulo Freire, consisting of research, schematization, and awareness stages [15, 16] adapted to the nutrition education context and meeting the assumption of the joint construction of knowledge, with active participation of the groups. Physical activity was not assessed or discussed with the patients.
Two professionals led the workshops: a coordinator of activities and a participant observer. The participant observer collected data through a field diary and recording sessions, so the points not clearly treated could be addressed at the next meeting. The observations during the workshops guided the techniques to support the discussion in the course of the sessions and to allow obtaining knowledge based on the needs of the participants and not the researcher, as the adopted methodology.
In the first workshop, food replicas were used to compose initial examples of meals, from which participants would choose one according to their preference, with the objective of surveying eating habits and the difficulty of healthy choices. In the second workshop, the replicas were distributed throughout a space representing a supermarket. The participants chose foods they "would buy" and explained their contents. With the help of a nutritionist, the concepts of portion size, nutritional composition of foods, and the quality of a healthy diet were explained. In the third workshop, an acrylic pyramid was used that was filled with foods "purchased" in the previous workshop activity, and other foods could be added. Subsequently, the patients were encouraged to discuss the function of foods and group them according to similar nutritional properties and in what quantity they should be consumed, with the objective of identifying portions and making correct food substitutions. The last workshop was reinforcement, wherein the participants were asked about their changes in eating habits. The inadequacies of two different menus were discussed, which should be noticed and corrected by the participants, to stimulate a critical, albeit not punitive, view regarding food.
In this way, we emphasized dietary patterns rather than individual dietary components, because dietary patterns refer to a variety of foods and offer the opportunity to characterize the overall composition and quality of the eating behaviours [17] .
After one year of monitoring, the patients in the control group were invited to a final meeting, where they received nutritional guidance along the lines of the reinforcement applied to the intervention group.
The adherence to and changes in subjects' dietary intake was measured by a semi-quantitative food frequency questionnaire, which was developed to investigate potential relationships between diet and noncommunicable diseases [18] , and posteriorly, used to measure daily intake of fruit and vegetables by elderly [19] . It was adapted after a pre-test study, as previously described [20] , and the food intake of the previous year was evaluated. The questionnaires were applied by a trained nutritionist at the moment of recruitment and after one year of follow-up, and they were input twice into the DietSys Analysis Software, of the USA National Cancer Institute. To eliminate the effect of the total energy in the analysis of the nutrients, an adjustment was made for total energy by using the residual adjustment method [21] . Additionally, we applied an algorithm [22] , in which individuals reported whether they had ever changed their eating habits to a healthier pattern and to identify the stages of change in healthy eating, according to the transtheoretical model [23] . In the subsequent years, people from intervention group were contacted by telephone and we asked them to rate their adherence from 0 to 5.
Outcome measures
The primary outcome was death and secondary outcomes were AMI, revascularization with re-PCI, or CABG surgery, as well as the composite endpoints (presence of at least one cardiovascular event), which were measured after one year of follow-up, by the end of the trial period. The same clinical outcomes were assessed after four years of follow-up as part of this prospective study. All outcomes were reported by the patients and checked in the electronic medical records.
Data analysis
The intention-to-treat analysis was performed using the statistical package Stata/ME 11.0 (Stata Corp, College Station, TX).
The categorical variables are expressed as relative frequencies and the numeric variables are expressed using measures of central tendency (mean and median) and variability (standard deviation, 95% confidence interval [95% CI] and interquartile range).
The chi-square test was performed to identify the effect of the intervention in both the intervention and control groups. The magnitude of the first year effect was calculated by the absolute risk reduction, subtracting the percentage of subjects with events in the treatment group from the percentage in the control group. In addition, we tested changes in the smoking status and medication use (statins, antihypertensives, and hypoglycaemics) during the intervention period.
The risk ratio was calculated as a measure of the cumulative incidence of events after four years, and the cumulative proportions of subjects without cardiovascular events by time were analysed with Kaplan-Meier using the log-rank test to compare the equality of survivor functions between groups. Hazard ratios were generated by Cox proportional hazards model for each outcome.
The comparisons between the intervention and control groups regarding the dependent variables with normal distribution in the beginning and end of the study were performed using the t test for independent samples; the Mann-Whitney test was used for the variables with nonparametric distributions. The critical p-value was assumed as 5%.
Results
The randomization process and the number of subjects at the end of the study are shown in Fig. 1 . No significant differences were observed after the random allocation of subjects to the intervention and control groups, except for the number of subjects with dyslipidaemia. No difference occurred regarding the drug treatment prescribed to both groups (Table 1 ). An additional file shows raw database [see Additional file 1].
Despite the absolute risk reduction, there was no difference in mortality or in the recurrence of cardiovascular events between the groups, after 1 year of follow-up ( Table 2 ). The number needed to treat and prevent one death was 50 individuals.
Changes in smoking status and medication use after one-year follow-up could be potential confounding variables, so they were tested. There was no difference in smokers who attempted to stop smoking (p = 0.33) and prescriptions drugs: statins (p = 0.18), antihypertensive (p = 0.12), and hypoglycaemic (p = 0.46) therapies between groups.
After four years of follow-up, there was no difference in the incidence of death and recurrence of cardiovascular events in the intervention and the control groups (Table 3) . Over four years, there were more events in the control group than in the intervention group, but not enough to guarantee a difference between them (Table 4) .
Monitoring changes in food intake revealed both groups decreased total calories and all nutrients intake (difference intra-groups), but the intervention group had a significant reduction of 2.31 g/day in the saturated fat (p = 0.02) and a significant positive variation of 2.70 g/ day of fiber (p = 0.03) and 318.43 mg/day of potassium (p = 0.01) (variation between groups), once the reduction in the fiber and potassium consumptions was smaller than the control group, after one-year follow-up (Table 5 ). An additional file shows data of absolute and adjusted nutrient values [see Additional file 2].
Individuals with a higher level of education seem to adhere more to healthier diets, so we tested education and nutrients with significant variation between intervention and control groups. There was no difference in saturated fat (p = 0.62), fiber (0.48) and potassium (p = 0.31) intakes in those with more or less than four years of study.
At the end of the first year, there was an increase in the number of individuals in the motivation stage of maintenance from 31 to 65% in the control group and from 42 to 76% in the intervention group without difference among the different stages (precontemplation, contemplation, preparation, action and maintenance) between groups (p = 0.44). During the observational study, 79.5% of patients who had participated in the workshops classified themselves as greater than three for their adherence to a healthy diet.
Discussion
The lifestyle intervention developed in this study and conducted among patients with established coronary artery disease had no significant impact on death or any major cardiovascular events. Thus, we consider that the effect of the intervention was not strong enough to promote additional benefits, considering the usual care delivered in the hospital, especially because it is a reference cardiology centre where patients have the most qualified professionals and access to technology and proper medication. Perhaps in other less-privileged environments, the results would be different. The fact that half of the intervention participants did not attend at least 75% of the educational workshops may also have impaired the effectiveness of the proposed theoretical background, which uses sequential stages for new learning of dietary and behavioural skill. This finding reinforces the evidence on how difficult it is to deal with adherence, even in individuals in an advanced stage of motivation, what can be an influence of the cardiovascular event itself in the change of eating habits, in attempt to restore health [20] , and considering the availability to attend the workshops was an inclusion criterion.
A literature review of the effect of lifestyle and dietary changes on mortality in coronary artery disease patients estimated the risk reduction potential for combinations of individual dietary goals to be 45% [24] . A gap still exists in the literature as to how lifestyle can contribute to secondary prevention in patients with heart disease.
The Look AHEAD Trial, with over 5000 patients with type 2 diabetes for almost 10 years, tried to show a difference in cardiovascular outcomes with an intensive lifestyle intervention to weight loss and still failed to do that in terms of having statistical power for their primary outcomes, probably because there was a very low overall rate of events in both groups [25] .
Lisspers et al. [5] found a significant actual risk reduction of 23% and relative risk reduction of 43% for at least one cardiovascular event in stable patients after PCI, but the average length of the follow-up was 6.5 years. During the first year, they also observed no difference between the groups regarding the number of subjects experiencing coronary events: 11 (23.9%) in the intervention group and 9 (22.0%) in the control group.
Positive impacts on lifestyle factors were shown among the studies describing cardiac rehabilitation programs with high intensity (>20 contacts) and long duration (>3 months) [26] . It is possible that our minor intervention was not strong enough to produce significant results in short-and long-term major outcomes, but we did note positive changes in dietary intake, similarly the study of Bemelmans et al. [6] , whose nutritional education programme with group sessions changed dietary intake, but had no additional positive effects on Type of coronary angioplasty -n (%) AMI acute myocardial infarction, Re-PCI re-percutaneous coronary intervention, CABG coronary artery bypass graft, ARR absolute risk reduction established cardiovascular risk factors after three years of follow-up. The higher fiber and potassion consumption in the intervention group are probably related to a more prudent dietary pattern [17] characterized by high intakes of fruits and vegetables, which are sources of these nutrients. In the same way, the reduction in saturated fat intake is directed towards food choices like lean meats and low fat dairy product. The constructivist educational approach seemed to reach all the participants, even those with lower educational level. How to reach the greatest possible adherence to lifestyle changes in patients with coronary heart disease has not been identified. Recently, a group-based minimally prescriptive lifestyle modification program achieved significant improvements in body composition and physical and cardio-metabolic fitness [27] .
The intervention proposed in this study causes no harm, is low in cost, and can be used as a preventive approach at both referral hospitals and primary health care units. A less prescriptive dietary approach should be encouraged in other investigations and in clinical practice to promote self-care and social awareness in health. In contrast to the traditional weight-centred approach, a qualitative approach is based on the principle of advocating healthy changes in food selection rather than adherence to prescriptive diets that involves calorie counting [28] .
The strength of this study lies in the participatory educational intervention and the patient-centred approach. We focused on behavioural change without rigorous control of compliance, because the objective was to observe how health practices are sustained in daily life, which may differ from intensively controlled contexts. However, some weaknesses were noted during the study. The low intensity of the intervention, the number that actually completed the intervention, and the low event rate may have been determining factors of the limited effect sample size. Additionally, the sample size failed to provide enough power for the analyses, because of the underestimation of the number of events; therefore, a larger sample size and longer follow-up time might provide more accurate results, considering our estimations. The monitoring of adherence after the first year was quite subjective, so we consider a study limitation to be the lack of an objective and systematic measure during the cohort period.
The effectiveness of this kind of intervention remains inconclusive and further research should be conducted overcoming the limitations described above. Although there was no effect on the primary outcome, we consider that the intervention developed here -due to its theoretical background-is promising to produce better outcomes, as beneficial modifications in food consumption and other possible lifestyle changes that could improve quality of life. 
